Purpose: This research was conducted to compare the management and the outcome of patients with colovesical fistulae of different aetiologies. Methods: Retrospective data were collected from 2002 to 2012 and analyzed with SPSS ver. 17. Age, gender, aetiology, management, hospital stay, postoperative complications, and mortality were studied and compared among colovesical fistulae of different aetiologies. Results: A total of 55 patients, 46 males (84%) and 9 females (16%), with a median age of 65 years (interquartile range [IQR], 48-75 years) were studied. Diverticular disease was the most common benign cause and recto-sigmoid cancer the most common malignancy. Anterior resection and bladder repair were the most frequent operations in benign cases, as was total pelvic exenteration in the malignant group. Multiple intestinal loop involvement and subsequent resection were significantly higher in those with Crohn disease than it was in patients of colovesical fistula due to all other causes collectively (60% vs. 6%, P = 0.006). Patients with malignancy had a higher postoperative complication rate than patients who did not (12 [80%] vs. 7 [32%], P = 0.0005). Pelvic collection (11, 22%) was the most frequent early complication (predominantly in the malignant group) whereas incisional hernia (8, 22%) was the most common late complication, with a predominance in the benign group. The median hospital stay was significantly prolonged in the malignant group (32 days; IQR, 17-70 days vs. 16 days; IQR, 11-25 days; P < 0.001). Conclusion: Despite their having similar clinical presentation, colovesical fistulae of various aetiologies differ significantly in management and outcome.
INTRODUCTION
A colovesical fistula is a well-known complication of many different diseases. The first description of a colovesical fistula is attributed to Rufus of Ephesus in AD 200 [1] , but it was not until 1888 that Cripps produced his classic monograph on the subject [2] . A large number of causes are described in the literature, of which the most common are diverticular disease, inflammatory bowel disease (predominantly Crohn disease) [3, 4] , colorectal cancers, (predominantly recto-sigmoid cancers), and urological and gynecological cancers [5] . Rare causes are laparoscopic and open inguinal hernia repair [6, 7] , foreign bodies in the gastrointestinal tract [8] , other laparoscopic and open surgical procedures [9] , benign gastrointestinal and urological diseases [10, 11] , and various other conditions.
In research literature and surgical textbooks, a colovesical fistula is usually reported as a single pathology, which creates an impression of a single disease in the mind of the reader. A colovesical fistula can be a complication of many diseases, the aetiologies or pathogenesis of whom may be entirely different.
The objective of the study was to discuss the management and outcome of colovesical fistulae on the basis of aetiology.
METHODS
Data were collected retrospectively from electronic and paper records of patients admitted to a tertiary care hospital between 2003 and 2012 with a diagnosis of a colovesical fistula. The inclusion criteria were all patients admitted with a confirmed diagnosis of a colovesical fistula of any nature. Patients with incomplete record were excluded. Data on age, gender, symptoms, preoperative investigations, etiology, operative risk, preoperative therapy, surgical procedures, operative findings, postoperative complications, hospital stay, follow-up, and early and late mortality were collected. The data were analyzed with SPSS ver. 17 (SPSS Inc., Chicago, IL, USA). For comparison, the data were arranged into groups on the basis of similarities in pathology, management and outcome. The specific features of individual pathological conditions (if any) were discussed separately. Age, hospital stay and follow-up were reported in the form of medians (IQR) and compared between groups by using the Mann-Whitney U test (P < 0.05). Other variables were reported in the form of frequency and were compared between groups by using the chi square or the Fischer exact test (P < 0.05), as appropriate.
RESULTS
A total of 57 patients were admitted between 2003 and 2012 with a diagnosis of a colovesical fistula. Two patients were excluded due to incomplete records, and 55 patients were finally included in this study. The mean age of the 55 patients was 65 years (IQR, 48-75 years), with a male preponderance (46, 84%). For the sake of practicality, patients were divided in two major categories, benign and malignant colovesical fistulae, on the basis of similarities in pathology. The characteristics of patients in these groups are compared in Table 1 . Comparisons of the sites of fistulae are given in Table 2 , and comparisons of operative findings and procedures are given in Table 3 . The outcomes for the patients in the benign and the malignant colovesical fistula groups are compared in Table 4. Some additional features of these groups and individual pathological conditions are discussed below. Bleeding from rectum, hematuria, altered bowel habit, urine in stools. *P < 0.05, statistically significance.
Benign colovesical fistula

P = 0.006).
Malignant colovesical fistula
A total of 18 patients had a colovesical fistula due to a malignant cause, which included sigmoid cancer (7), rectal cancer (9), and squamous cell cancer of the urinary bladder (2) . A moderately differentiated adenocarcinoma (T4N0Mx) was the most common histo-pathological type in patients with recto-sigmoid cancer (13/18, 72%) whereas a squamous cell carcinoma featured prominently in patients with urinary bladder cancer. Pelvic exenteration with a urinary conduit was the most frequently performed operation (11 patients) in the group of patients with a malignant colovesical fistula. In the patients with recto-sigmoid cancers, an R0 resection could be achieved in nine patients whereas R1 and R2 resections were achieved in four and three patients, respectively. A higher number of R0 resections (7/11 [64%] vs. 2/4 [50%], P = 0.3) with pelvic exenteration was achieved com- pared with an anterior resection and Hartmann procedure with primary repair of the urinary bladder. Pelvic exenteration was also associated with a lower five-year mortality (41% vs. 50%, P = 1.0) in recto-sigmoid cancer. Involvement of the posterior wall of the urinary bladder was significantly higher in patients with a malignant colovesical fistula than in patients with a benign fistula ( 
DISCUSSION
Many studies have discussed the different aspects of colovesical fistulae [12] [13] [14] ; however, no previous study has compared the management and the outcome of this condition on the basis of aetiology. A colovesical fistulae can be a complication of injury, inflammation and malignancy, all of which share a similar presentation. Conservative treatment and laparoscopic procedures have been suggested for the treatment of a colovesical fistula; however, these are applicable to selected cases only [15] [16] [17] . Open surgical procedures are still the mainstay of treatment for this condition. In this study, we divided these conditions into two major categories, benign and malignant, on the basis of similarities in management and outcome. Minor differences in individual pathologies existed; however, significant differences were observed only between these two broad categories. No significant differences in age, gender, symptoms, preoperative risk and comorbidities, factors that could influence outcome, were observed between these two groups. The median age in the malignant group was slightly higher than it was in the benign group (68 years; IQR, 45-75 years vs. 64 years; IQR, 48-71 years), but this difference was not statistically significant. The patients with Crohn disease were slightly younger (47 years). Most patients were male, which can be explained by the close proximity of the urinary bladder to the bowel in male patients, as female reproductive organs have a protective role against this complication. The same findings have been described in previous studies [4, 5] .
Urine examination, cystoscopy and colonoscopy/flexible sigmoidoscopy were performed in more than 80% of the patients. These investigations diagnosed the colovesical fistula in more than 60% of the patients in both groups. Colonoscopy was also performed for patients with malignancies to rule out synchronous lesions. A computed tomography (CT) scan was done primarily as an adjunct to rule out other abdominal pathologies. Magnetic resonance imaging (MRI) was done more frequently in patients with malignancies than in patients without malignancies (50% vs. 5%) due to its primary importance in the staging of pelvic cancer whereas cystography was used more frequently used in the benign group than it was in the malignant group (38% vs. 6%) primarily because of the difficulty of diagnosis with other modalities. Garcea et al. [4] reported that endoscopy and barium enema could used for the successful diagnosis of with diverticular disease in up to 94% of patients; however, contrast enema was used only in 24% of patients in the present study. Najjar et al. [18] reported that CT scan, cystography and barium enema were superior to cystoscopy and colonoscopy in the diagnosis of colovesical fistulae.
Diverticular disease and Crohn disease are the two major causes of benign colovesical fistulae, as has been mentioned in a previous study [4] . Diverticular disease was the most common cause in all types of colovesical fistulae in the present study, as well as in previous studies [19, 20] . Benign colovesical fistulae involved the sigmoid colon more frequently (91%) than malignant fistulae did (55%) whereas malignant colovesical fistulae more frequently involved the rectum than benign colovesical fistulae did (45% vs. 9%, P = 0.009). Similarly, involvement of the posterior wall of the urinary bladder was significantly higher in patients with a malignant colovesical fistula than it was in patients with a benign colovesical fistula (50% vs. 9%, P = 0.004). Anterior resection, partial colectomy, and Hartmann procedure were done in the majority (87%) of patients with benign conditions with no recurrence of the fistula and no mortality within three months following the surgery.
Crohn disease was found to involve multiple intestinal loops with subsequent resections more frequently than rest of the conditions (60% vs. 6%), which can be explained by the involvements of multiple segments of the intestines by inflammatory processes. The Hartmann procedure was performed more frequently for patients with benign colovesical fistulae than for patients with malignant colovesical fistulae (22% vs. 6%) and was primarily performed on patients in emergency situations or with inflammatory conditions and to reduce the operative time in high-risk patients with an intention to reverse it at a later stage; however, the majority of patients (88%) could not have reversal either because of higher operative risk, patient preference to live with a stoma, or surgeon's preference not to reoperate due to previous complicated surgeries. A low rate of reversal of the Hartmann procedure has also been previously reported [21] . Early postoperative complications in patients with benign colovesical fistulae included wound infection (14%), anastomotic dehiscence (11%), pelvic collection (11%) and ileus (8%). The majority (90%) of leaks and collections were managed conservatively or with ultrasound or CT guided drainage. Only one patient needed a reoperation and covering ileostomy. Incisional and parastomal hernias were significantly higher in patients with benign colovesical fistulae, particularly for fistulae associated with diverticular disease, than they were in patients with malignant colovesical fistulae (30% vs. 6%). The likely cause for this could be collagen defects in patients of diverticular disease [22] .
The present study reports the largest series of patients with malignant colovesical fistulae to date, with all the patients having been treated by a single surgeon. This was primarily because the center at which it was performed is a specialized tertiary care referral center for colorectal cancer. Before this study, Holmes et al. [5] , in 1992, had reported the largest number of malignant colo- vesical fistulae. They reported pelvic exenteration in three cases (27%) only, with recurrence in three and mortality in two cases. Garcea et al. [4] reported 11 cases with cancers and only one exenteration, with similar results.
In the present series, 11 patients (67%) with cancers had a pelvic exenteration with permanent stoma. No patient had a recurrence of a fistula and there were no mortalities within three months of surgery; however, the five-year mortality due to all causes was significantly higher in patients with malignant colovesical fistulae than it was in patients with benign colovesical fistulae. In addition, in comparison to limited resections, pelvic exenteration had a higher (64% vs. 50%) rate of tumor-free margins (R0 resections) and a lower five-year mortality rate (41% vs. 50%, P = 1.0); however, these differences were not statistically significant, which was most likely due to the small sample size.
Patients with malignant colovesical fistulae had a significantly higher early postoperative complication rate as compared to those with benign colovesical fistulae (P = 0.0005). The major difference was in pelvic collection (39% vs. 11%), wound dehiscence (17% vs. 0%) and thrombo-embolism (17% vs. 0%). The higher rate of pelvic collection was likely due to preoperative chemo-radiotherapy and extensive resections, especially pelvic exenteration (46% vs. 29%); congruently, a malignant colovesical fistulae was associated with a higher incidence of thrombo-embolism and wound breakdown [23] .
In conclusion, the present study has discussed the management of and the outcome for patients with colovesical fistulae in relation to aetiology. These results can help surgeons dealing with colovesical fistulae to develop appropriate management strategies based on aetiology. The findings of this study can also be helpful in the counseling and consent process to assist patients in making better decisions. The limitation of this study was the retrospective nature of the data. This study concluded that despite similar clinical presentation, the management of and the outcome for patients with colovesical fistulae varied significantly with the aetiology.
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